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COMPLETE SPECIFICATION 

Improvements in or rdating to fibre reinforced polyamides 



We. Chemischb Werke WmrEN, Gesell- 

SCHAFT MIT BESCHRANK-raR HaFTUNG, a 

German body corporate of Wittcn/Ruhr, 
Germany, do hereby declare the invention, 
5 for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be paxticulairly 
described in and by the following state- 
ment: — 

10 This invention is conoemed with improve- 
ments in or relating to fibre teinforced poly- 
amides, in particidar to i>olyamides rein- 
forced by inorganic fibres and a process 
for producing said reinforced polyamides. 

15 It has been proposed to improve the 
mechanical properties of polyamides by in- 
corporating short glass fibres or asbestos 
fibres therein. Polyamides having useful 
properties can be obtained by incorporating 

20 up to 40% by weight of such inorganic fibres 
into the polyaraide. 

In previously proposed condensation pro- 
cesses the polyamides were obtained as vis- 
cous melts into which it was difficult to 

25 distribute fibrous materials since the fibres 
tend to felt together and form hard masses. 
Two ways of overcoming this difficulty have 
been proposed. In the first method contin- 
uous skeins of the fibre material are pulled 

30 through the synthetic resin melt and the 
coated skeins are then chopped to yield a 
granulate. Due to the better workability 
of the fibre reinforced polyamides, however,, 
it is preferred to use short fibres of from 

35 1 to 4xl0-2cm m length. In this case 
the fibres are usually incorporated in the 
polyamide by vigorous mixing with the poly- 
mer at room temperature the polymer being 
as finely divided as possible, and fhm homo- 
I^^ 



genising the resulting mixture in the molten 40 
state in a screw extruder or a kneader. 

Since short glass fibres tend *o felt into 
small baUs. it is very difficult to distribute 
them by means oi a dry mixing procedure 
or a dry stirring operation, even in the 45 
presence of a second material, such as a 
polyamide i>owder or granulate. In addi- 
tion the glass fibres ate partly broken up, 
A subsequent homogenisation of the poly- 
amide melt involves an additional thermal 50 
strain on .the polymer, and furthermore a 
double mixing process is expensive. 

We have now derived a process whexeby 
fibre Teinfor<^ polyamides in discrete par- 
ticle form can be obtained directly without 55 
the need for a subsequent granulating or 
mixing operation. 

According to the present invention there 
is provided a process for the production of 
a polyamide composition in discrete jmrticle 60 
form which comprises uniformly distribu- 
ting inorganic fibres in an " inert solvent," 
as herein defined, and subsequently reacting 
a diaxyl ester of a dicarboxylic acid with a 
diamine in said inert solvent to form dis- 65 
crete particles comprising polyamide par- 
ticles rigidly connected to said inorganic 
fibre. The resulting discrete particles are 
generally obtained in tibe form of a powder 
having a particle size of np to the order 70 
of 500 microns. 

The polyamide condensation process em- 
ployed mnst be such as to provide the poly- 
amide in discrete particle form. It is thns 
essential that the mert solvent used be one 75 
which is a non-solvent for th& polyamide 
produced although it must dissolve the acid 
(or ester) and amine starting materials for 
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the polyamide. Depending on the tempera- 
ture used during the condensation it may 
be necessary to exchange the inert solvent 
initially used to form the fibre suspension 
5 for a second higher boiling inert solvent 
during the condensation. 

The inorganic fibres used are preferably 
glass fibres or asbestos fibres, the fornKX 
yielding a finely powdered product and the 
10 latter a slightly flocculent product; both 
products being suitable for processing on 
synthetic resin processing machine or for 
. use as moulding materials. The glass fibres 
are preferably made from a non-reactmg 
15 glass- The fibres used preferably have an 
average diameter of from IX 10 * on to 
2x10-3 cm aiKi preferably have an average 
length of from 5X10"^ to iXlO-i cm. 
The polyamide condensation itaction may 
20 be effected as described in Patent Specifica- 
. tions Nos. 1.021.608 and 1.100.357, the 
former relating to airomatic dicarboxyhc 
acids (isophthalic and terephthalic acid) and 
the latter relating to aliphatic and cyclo- 
25 aliphatic acids. In botii prior Specifications 
primary aliphatic or araliphatic diamines 
are employed. In the process of the present 
invention it is preferred to use diphenyl 
esters of the acid. 
30 Observation of the mixture obtained under 
a microscope shows that the polyamide par- 
' tides mostly adhere directly to the fibres, 
in contrast to the situation where a mixture 
of a preformed polyamide powder with short 
35 glass fibres has been obtained by stirring 
in a suspension medium, such as water or 
methanol, where a loose juxtaposition of 
polyamide particles and fibres is observed. 
By pre-treatmsnt of the fibres with a sizmg 
40 agent, such as for example a silane, the 
adhesion oi the i>oIyamide particles to the 
fibre surface can be further improved. Sub- 
sequent separation of polyamide and filler 
does not take place. 
45 The particle size of the polyamide powder 
used can be varied by selection of the inert 
solvent for the precondensation. It has been 
found that the finest powders are obtained 
when using benzene; that highly agglomera- 
50 ted particles are obtained when using di- 
alkyl benzenes; and that powders of inter- 
mediate size are obtained by suitable mix- 
tures of solvents. 

Where asbestos fibres are used a slightly 
55 larger quantity of solvent or dispersing agent 
is necessary as compared with the amount, 
needed in the preparation of un-reinforced 
polyamide powders. When using glass fibres 
having a length of up to .lXlO-»cm no 
60 additional quantities of solvents are neces- 
sary. , . , ^ . , 
The quantity of fibres which can be mixed 
with a polyamide prepared according to the 
above described condensation process is not 
65 particularly critical. When moulding poly- 



amides, e.g. oa injection moulding machines, 
a proportion of from 10 to 40 per cent by 
weight of fibres, calculated on the total 
weight of the starting materials has been 
found to be preferred. 70 

Apart from the short inorganic fibics, the 
poiyamides can contain further additives, 
such as dyestufb. stabilisers, lubricants or 
pigments. - 1. 

The invention will now be illustrated with 75 
reference to the following Examples. 

Example 1 ,,,../ 
Polyhexamethylene isophthcdaniidel 
tereplakalmnide (70/30) containing 33% of 

glass fibfes ^ ^ « ^ 

In a 2 litre round bottomed flask mted 
with a stiirer, thermometer, dropping funnel 
and a fractionating column 61.5 g, of unsized 
glass wool with a filament diameteo: of 
1 X 10-^ cm and an average filament length 85 
of 2X10-- cm are distributed in lOOO ml. 
of benzene using good stirring with a stan- 
dard slass paddle stirrer. In order to remove 
moistiire which may be present 50 m\. of 
benzene are distiUed off. The glass fibre 90 
is uniformly distributed, without felting. 

159 g. of a mixture of 70% of diphenyl 
isophthalate and 30% of diphenyltereph'Oia^ 
ate (0.5 mol) are then completely dissolved 
in the warm benzene and then a solution 95 
of 58 g. of hexamethylene diamine (0,5 mol) 
in 100 ml. of benzene is added dropwise 
over 10 minutes with vigorous stirring at 
80°C and stirring is then continued for 1 
further hour. The benzene is then distaied I0» 
off up a small coloimn and diethyl besizcne 
added at the distillation rate of the benzene 
until the intemail temperature has risen to 
nO^'C. Alt this temperature the leaction 
mixture is aftercondensed for 3 further hours 105 
and during this time phenol is slowly dis- 
tilled off azeotropically with a proportion of 
the diethyl benzene. ^ 

After cooling, the reaction inxniuct k 
vigorously filtered with suction, washed with 110 
methanol, and then dried in vacuo. 

A free-flowing powder is obtained m 
which it is difficult to distinguish the glass 
fibres with the naked eye. Under the micro- 
scope it can be seen that a large proportion us 
of the spherical polyamide particles are ad- 
hering to the glass fibres. c 

in order to ascertain the uniformity of 
distribution throughout the materiai 6 sam- 
ples of 10 g. each were taken at different 12a 
places from a large batch, and completdy. 
extracted with phenol /methanol. The weight, 
of the residual glass fibre was dctermnied. 
A maximum difference of 1% was found.^ 

Determination of the specific viscosity 125 
mimber was effected by weighing out 
1492 g. of the mixture and dissolving it 
in 100 ml. of a mixtuipe of phenol and tetra- 
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cWoroethane (60/40). The residual glass 
fibre was filtered off and the measurement 
earned out on the fijtarate. Specific viscositv 
number=3.09. ^ 

5 

Example 2 

Polyhexamethylene isophthalamide I 

fibtes ^^^^^^^ (70/iO; with 30% of glass 

.10 

Usin^ the general method described in 
lixample 1. 52.7 g. of short glass fibres with 
a filament diametea: of 1X10~3 cm and an 
average filament length of 8x10-2 cm and 

15 provided with a silane sizing agent were 
uniformly distributed using vigorous stirrine 
cnn^ ^tuie of 500 ml. of benzene, and 
500 ml of diethyl benzene, 0.5 mol 

Oft I t diphcnyl ester mixture with hexa- 
S»o!h^ ® diamine was precondensed at 
90 C and then aftercondensed at 170**C 
during which time 500 ml. diethyl benzeue 
was added to replace the benzene distilled 
- „ isolation of the solid mixture was 

25 effected as described in Example 1. 

The viscosity nimibor was 2.71. Using 
a microscope it could be seen that the ad- 
hesion on the glass fibre had been markedly 
improved; the particles of the polvamide 
were larger than those m Example 

Exam ple 3 

Polyhexamethylene a^pamide with 30% of 
2^ gl<^ss fibres 

52.7 g. of short glass fibres were sus- 
pended in lOOO ml. of dodecyl benzene 
Then 149 g. of diphenyl adipaite (0.5 molj 
were dissolved at 80°C and sirfjsequently 

W reacted with a solution of 58 g. of hexa- 
raethylene diamine in 100 ml. of dodewl 
benzene at 90*'C. The temperature was 
raised after one hour to 90°C and the leac- 
tion mixture after-condensed for a further 

45 three hours, during which time the liberated 
phenol slowly distilled off. A homogeneous 
powdery mixture was obtained which was 
isolated, as described in Example 1, and 
washed with benzene. The specific viscosity 
number was 1.7. 

Example 4 

Polyhexamethylene isophthalamide I 
terephthalamide (70/30) with 20% of 
55 asbestos fibres 

27 A g. erf asbestos fibre — 7D were sus- 
pended in 1200 ml. oi diethyl benzene using 
vigorous stiinrmg. A large-area paddle stirrer 

«) was used.^ 0.5 mol of the diphenyl ester 
mixture with hexamethylene diamine were 
precondensed in this suspension and after- 
condensed at ISO^'C as described in Example 
I. The isolation of the solid mixture was 

65 effected as described in Example 1. A floc- 



culent voluminous material was obtained 
The specific viscosity nimiber was 2.32. 

Our copending Application No. 24492/66 
(Serial No. 1.147,053) describes and clakns 
a process for the incorporajtion! of finely 70 
dmded fillets, such as inorganic or synthetic 
resm powders, into polyamides using a pro- 
cess otherwise similar to that of the present 
invention. 

'WHAT WE CLAIM IS:— 

1. A process for the production of a poly- 
amide composition in discrete particle form 
which comprises uniformly distributing in- 
organic fibres in an " inert solvent," as 80 
herein defined, and subsequently reacting a 
diaryl ester of a dicarboxylic acid with a 
diamine in said inert solvent, to form dis- 
crete particles comprising polyamide parti- 
cles rigidly connected to said inorganic fibre. 85 

2. A process as claimed in claim 1 where- 
in the fibres are glass fibres or asbestos 
fibres. 

3. A process as claimed in claim 1 or 
claim 2 wherein the fibres used have an 90 
average diameter of from IXIO-'^ cm to 
2X 10-3 cm. 

4. A process as claimed in any one of 
the preceding claims wherein ithe fibres used 
have an average length of from 5 x 10-^ cm 95 
to 1X10-1 cm. 

5. A process as claimed in any one of the 
preceding daims wherwn the fibre lein- 
foroed polyamide contains from 10 to 40% 

by weight of the fibres. joq 

6. A process as claimed in any one of 
the preceding olaims wherein the polyamide 
is a polyamide of isophthalic acid and/oj* 
terephthaJic acid and a primary aliphatic 
diamine. 

7. A process as claimed in claim 6 where, 
in the polyamide is derived ftom a diphenyl 
estesr of said a<ad. 

8. A process as claimed in claim 6 or 
claim. 7 wherein the polyamide condensation HO 
reaction is carried out as described and 
claimed in Patent Specification No. 
1,021.608. 

9. A process as claimed in any one of 
claims 1 to 5 wherein the polyamide is a 115 
polyamide of an aliphatic or cycloaliphatic 
dicarboxylk? acid and a primary aliphatic 
diamine. 

10. A process as claimed in claim 9 
wherein the polyamide is derived using si l'>0 
diphenyl ester of said acid. 

11. A process as claimed in claim 9 or 
claim 10 wherein the polyamide condensa- 
tion reaction is carried out as described and 
claimed in Patent Specification No. 125 
1.100,375. 

12. A process as claimed in claim 1 sub- 
stantially as herein described. 

13. A process for the production of a 
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fibie reinforced polyamide in discrete par- 
ticle form substantially as herein described 
with reference to the foregoing Examples. 

14, Fibre reinforced polyan:udes whenever 
produced by a process as claimed in any 
one of the preceding olaims. 



For the Applicants. 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial House, 
15/19 Kingsway. 
London. W.C.2. 
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